lecithinase distribution and function, the eggyolk reaction, so called because lecithinase2 acting on an egg-yolk emulsion causes turbidity to appear and a curd of fat to rise to the surface  1Iaefarlane and Knight, 1941) , has been widely used, both taxonomically (Colmer, 1947; McClung and Toabe, 1947; McGaughey and Chu, 1948; Knight and Proom, 1950; Toumanoff, 1953; Smith, 1955; and others) and for quantitative measurements of lecithinase activity (Van Heyningen, 1941; Chu, 1949) . Heimpel (1955) thin breakdown and turbidity lpioduction in eggyolk saline are entirely caused by the same enzyme and that one process is a quantitative measure of the other. The relationship between turbidity production and lecithinase activity was investigated by studying the comparative heat stability of each process. Bacterial lecithinases are relatively heat-stable (Macfarlane and Knight, 1941; Chu, 1949) , and if both turbidity and lecithin breakdown are caused by the same enzyme, the heat stabilities of the two processes should be the same. If the processes arc caused by different enzymes, however, some quantitative differences between their heat stabilities might be expected.
MATERIALS AND METHODS
Enzymes. Two lots of lecithinase from Clostridium perfringens were investigated, one a crude filtrate of C. perfringens Type A (Lederle Laboratories, Pearl River, N. Y.), and the other a purified Type A a-toxin (Wellcome Research Laboratories, Beckenham, Kent). The strains of B. cereus used were maintained on nutrient agar, and broth cultures were prepared by growing them in nutrient broth for 20 hr at 37 C. The bacteria were removed by centrifuging at 25,000 X G. For concentrating lecithinase from B. cereus, the method described by Chu (1949) was employed, using 30 L of a culture of strain A.4 The enzyme, stored in the cold after dialysis against 50 per cent glycerol, retained its activity for over 1 year.
Egg-yolk saline. The yolk of one egg was washed with saline and beaten up with 200 ml of either 0.2 or 0.9 per cent NaCl. After the heavier par- (1925) .
Three processes were measured: the production of turbidity in egg-yolk saline, the breakdown of phospholipids of egg-yolk saline (phospholipase activity), and the hydrolysis of purified lecithin. With enzymes from C. perfringens and the enzyme treated with glycerol from B. cereus, turl)idity production was measured by a Ino(lification of the method of Chu (1949) : to the enzymev was added 0.05 M borate buffer (pH 7.1), 1.0 ml; 2 per cent NaCl, 0.55 ml; and water to a volume of 5.5 ml. One-half ml of the egg-yolk saline (0.2 per cent NaCl) was added; afteir 20 min at room temperature (23 to 25 C) the optical density was read at wave-length 650 mu against a blank made up in the same way but containing no enzyme. The enzyme preparations were not turbid. Addition of the 2 pei cent NaCl was necessary, since mixing egg-yolk saline with watet' caused immediate precipitation, possibly of lipoproteins moie soluble in saline than in watei' (Alderton and Fevold, 1945; Fevold and Lausten, 1946) .
With supernatant fluids from B. cereu.s, turbidity production was measured both by this mnethod and by a method essentially the same as that described by Heimpel (1955) : borate buffer' (pH 7.1), 1.0 ml; culture supernatant, 6.0 ml; and egg-yolk saline (0.9 pei cenit NaCl), 0.5 ml, were mixed, incubated at 34 C foi' 30 min, and the optical density was measured at wave-length 575 m,. Substances present in nutrient broth prevented extensive precipitation despite the absence of added NaCl.
The modified system of Chu was also used in measuring phospholipase action against egg-yolk saline. After incubation for' 2 hr at 27 C, 1. Foi' the three bacterial enzymes, in the concentration range used, there was an approximately lineatr relationship betweeni enzyme (oncentration and both turbidity pro(luction (measured in the modified Chu system) and acid-soluble l)hosphorus release.
Lecithinase from C. perfringens *vas measured im-anometrically (Zameenik et al., 1947) . Each Warburg vessel contained N NaHCO3, 0.2 ml; 0.1 MI CaC12, 0.1 ml; 8 per' cent lecithin, 0.7 ml; and H2O, 0.5 ml; in the side arm was the enzyme, diluted with water to a volume of 0.5 ml. The vessels were gassed with 100 per cent CO2 and incubated at 27 C. AfteI' tipping in the (contents of the side arm, CO2 pro(luction was followed for 1 hr. There was a (lirect proportionality between the amount of enzyme an(l CO2 production up to 0.2 ml of filtrate fi'om C. perfringens andl up to 0.4 mg of the puiified a-toxin.
With enzymes froni C. perfringens, activity reniaining after heat treatIment was calculated in percentages from appropriate enzyme coincentration-activity curves, oI' as pei' cent of CO2 evolution remaining in the ('ase of enzyme action against purified lecithin.
The enzymes fr'om both C. perfringens and B. cereuis are much mIoreI active against lecithin in egg yolk than agaiirst l)urified lecithin. This may be (lue to limited (onta(t between the enzymes aind the emulsion of purifie(l lecithin. Kates (1953) found stabilities of turbidity production, of lecithinase activity, and of phospholipase activity (table 1) . W,Vithin the limits of experimental error, each heat treatment led to the same relative decrease in all three activities. In the culture filtrate, all processes showed remaIrkable heat stability. A curious finding was that heating the filtrate for 5 min at 60 C destroyed more of each activity than did heating for the same time at 100 C. This phenomenon was not observed in the purified toxin, the lecithinase activity of which was much more sensitive to 100 C than was that of the culture filtrate. Possibly a lecithinase-destroying enzyme, present in the filtrate but not in the purified toxin, was activated at 60 C and destroyed at 100 C.
These observations are consistent with, and lend additional support to, the belief that in C. perfringens prepatations turbidity production in egg yolk, phospholipase action on egg yolk, and lecithinase activity .are all caused by the same enzyme.
Cere-us enzynmes. In the case of the enzyme from B. cereus, treated with glycerol, turbidityproduction and lecithinase activity had markedly different heat stabilities. This is seen in the results given in table 2. Autoclaving completely destroyed both lecithinase and phospholipase activity. One ml of the unheated enzyme liberated 24 ,ug acid-soluble phosphorus from lecithin and 17.5 ,ug from egg-yolk saline in 2 lI, but after autoclaving liberated none. The autoclaved enzyme, however, still produced turbidity in eggyolk saline. The appearance of turbidity was a continuous process in both heated and unheated enzymes.
A similar situation existed in supernatant fluids from cultures of B. cereus. In a number of strains, comparison was made of turbidity production by unheated and by autoclaved culture supernatants (table 2). Nutrient broth itself caused some turbidity to appear. After the growth of each strain, turbidity production was increased. Autoclaving of most culture supernatants reduced the turbidity below that produced by nutrient broth alone. In strain D, however, significant turbidity production remained after autoclaving, and the greater part of the high turbidity production of strain C was heat-stable. With the latter strain, turbidity appeared rapidly: nearly the maximum was reached in 2 min. In other strains, turbidity appeared in a slower and steadier fashion. Separate experiments KUSHNER showed that autoclaving completely destioyed lecithinase and phospholipase activity in these supernatants.
The heat-stable component(s) that produces turbidity appears to be a large molecule, since prolonged dialysis (up to 6 days against running water) failed to remove it. It was destroyed by ashing with H2SO4 and H202. The turbidity produced by it was due partly to fat formation and partly to lipoprotein precipitation. After a time, fat globules rose to the top, although the final amount of fat produced was less than the definite curd appearing after true lecithinase action. A precipitate was also formed that, after being collected by centrifuging, was found to contain phosphorus; the phosphorus was soluble in ethanol but not in ether. DISCUSSION Chu (1949) found that the rate of liberation of acid-soluble P and the development of turbidity were almost parallel with lecithinase from B. cereus, and MeGaughey and Chu (1948) observed that in several strains of B. cereus and B. mycoides yolk reactivity ran in parallel with the phospholipase activity. AMacfarlane and Knight also showed that, in a number of Type A antisera from different souices, ability to inhibit the egg-yolk reaction paralleled ability to inhibit lecithinase activity. The results presented here add further indirect evidence to the existing indirect evidence that turbidity production in an egg-yolk emulsion may, in certain cases, be a quantitative index of lecithinase activity.
It is hardly surprising, however, that in such a complex mixture as egg-yolk saline a factor or factors other than lecithinase can also produce turbidity (see Van Heyningen, 1950, p. 31) . The presence of such a factor in bacterial cultures may lead to serious errors if turbidity is assumed to be due to lecithinase activity alone. The degree of error would, of course, vary with the amount of lecithinase present. A given amount of the factor would produce less relative error in the presence of high than in the presence of low lecithinase activity.
Although the heat-stable factor may produce considerable turbidity, it does not lead to the formation of a curd of fat. Only preparations with lecithinase activity led to this curd formation. Curd formation, then, appears thus far to be a valid qualitative or semi-quantitative index of lecithinase activity.
The lack of complete specificity of the egg-yolk reaction in no way renders it valueless. Though a false positive result is possible, it is highly unlikely that a false negative one would be. Cultures possessing lecithinase activity may almost certainly be depended upon to give the egg-yolk reaction. With its simplicity and its great sensitivity, the reaction should still serve in screening a large number of organisms for lecithinase activity. Its value will be enhanced if organisms apparently possessing lecithinase activity are then reexamined, as was done here, by more specific chemical methods.
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SUMMARY
A test of the validity of the egg-yolk reaction as a measure of lecithinase activity was made by comparing the heat stabilities of (1) turbidity production in egg-yolk saline, (2) phospholipase activity against egg-yolk saline, and (3) lecithinase activity.
In a culture filtrate and a purified a-toxin of Clostridium perfringens the three processes were found to possess quantitatively the same heat stability.
In a concentrated enzyme from Bacillus cereus and in culture supernatants of certain B. cereus strains, the phospholipase and lecithinase activities were much more sensitive to heat than was turbidity production. A highly heat-stable substance(s) was present that produced turbidity without having any lecithinase activity.
The egg-yolk reaction appears to be a quantitative measure of lecithinase activity in C. perfringens, but not in B. cereus. Care must be used in interpreting the egg-yolk reaction to avoid a false positive test for lecithinase activity.
